Assay conditions were studied for eleven lysosomal enzymes (,l-D-galactosidase, a-D-mannosidase, Q-hexosaminidase, /l-D-glucuronidase, a-n-galactosidase, a-D-glucosidase, arylsulfatase, f3-D-glucosidase, a-L-fucosidase, a-D-neuraminidase and a-L-iduronidase) in cultured amniotic fluid cells (CAFC), cultured skin fibroblasts (CSF) and cultured embryonic lung fibroblasts (CELF), and the properties of the enzymes were compared among these cultured cells. In addition, changes in these enzymes from the three cell types were investigated between 4-6 earlier passages and 24-26 later passages. With the exception of a-D-glucosidase, a-D-neuraminidase and a-L-fucosidase, all enzymes assayed for the 4-6 earlier passages and the 24-26 later passages had the same Km values and the same pH optima, and were also unchanged with the increasing age of cell clutures, with regard to their points. The specific activities of R-D-glucuronidase, arylsulfatase, a-D-glucosidase and Q-D-glucosidase for the 4-6 earlier passages increased significantly with development, though no change was observed with development in the specific activities of other enzymes. Variations were observed between the levels of these enzymes in the three cell types with the increasing age of cell cultures, such as increases in some, decreases in others and no change in still others. lysosomal enzymes ; cultured amniotic fluid cells ; cultured skin fibroblasts ; cultured embryonic lung fibroblasts A number of inborn errors of metabolism due to deficiencies of specific lysosomal enzymes can now be diagnosed antenatally. However, less attentions have been paid to the variations in the activities of lysosomal enzymes of normal
cultured amniotic fluid cells (CAFC) and especially, to those with cell aging, while there are many reports concerning lysosomal deficiencies in CAFC. These variations might be lead to erroneous interpretations at antenatal diagnosis of inborn errors of lysosomal enzyme metabolism.
In this paper, the specific activities of these diseases-related eleven lysosomal enzymes were compared among CAFC, cultured skin fibroblasts (CSF) and cultured embryonic lung fibroblasts (CELF). In addition, changes in these enzymes derived from the three cell types were investigated between 4-6 earlier passages and 24-26 later passages. Therefore, we may answer some questions raised by the use of CAFC for the antenatal diagnosis of inborn errors of lysosomal enzyme metabolism.
MATERIALS AND METHODS
Cultured amniotic fluid cells (CAFC). Amniotic fluid was obtained by transabdominal amniocetesis between 16 and 18 weeks of pregnancy in women undergoing therapeutic abortion. There was no significant history of genetic, biochemical or chromosomal disease present in these women. The amniotic fluid, usually 20 to 30 ml, was centrifuzed at 1000 rpm for 5 min. The cells were grown in Eagle's Minimum Essential Medium (MEM) containing 20% fetal calf serum and antibiotics.
Cultured skin fibroblasts (CSF). A skin was obtained from the incision site at the time of surgical procedure. The tissue was diced into 1 mm fragments, embedded into the floor of 30 mm plastic dish and grown in the above medium.
Cultured embryonic lung fibroblasts (CELF). A fetal lung was obtained by abortus fetus with no history of genetic, biochemical or chromosomal disease. The tissue was washed twice with sterile phosphate buffered saline, and incubated with 0.25% trypsine at 37°C for 15 min., and collected the supernatant. The procedure was done in five times. The combined cell suspensions were centrifuged at 1000 rpm for 5 min. The pellets were grown in the above medium. All the cell strains were grown in Eagle's MEM supplemented with 20% fetal calf serum and antibiotics. Cultivation was carried out in an atmosphere of 5% COZ at 3TC. The cells were harvested by trypsinization. Mycoplasma screening was checked on all the cell cultures.
Sample preparation. At the stage between 7 and 10 days after confluent monolayer, the cells were scraped by a rubber policeman, washed twice with saline and frozen at -70° C until analysis except of a-D-neuraminidase assay source. To the cell pellets was added an aliquot of ice-cold distilled water. The mixtures were then treated with a sonicater (Bronson, Cell Disruptor 200) for 60 sec at 50W, centrifuzed at 15000 rpm for 60 min and the supernatants were used for the enzyme assay except of a-L-iduronidase. For the determination of a-L-iduronidase, the mixture was centifuzed at 3000 rpm for 20 min and the supernatant was used as the enzyme source. For the determination of a-D-neuraminidase, the cells were removed by a rubber policeman, washed twice with saline and to the cell pellets was added an aliquot of ice-cold distilled water. Then, the mixture was homogenized by sonification for 5 sec at 50W and the resulting suspension was used as the enzyme source.
Assay of enzymes. All the assays were carried out using flurometric technique with 4-methylumbelliferyl (4MU) derivates (Koch-Light) as substrate. The following systems were used to examine the pH optima of the eleven lysosomal enzymes : For /l-D-glactosidase, a-D-mannosidase, N-acetyl-/3-D-glucosaminidase (/3-hexosaminidase), /3-D-glucuronidase, a-D-galactosidase, a-D-glucosidase, f3-D-glucosidase and a-L-fucosidase, the assay mixture consisted of 0.1 ml of enzyme, 0.1 ml of 0.1 M citrate-phosphate buffer and 0.4 ml of 1 mM 4MU derivate : In addition, when /3-D-galactosidase, /3-hexosaminidase and /3-D-glucosidase were assayed, the buffer was supplemented with 50 mM NaCI, 0.2% human serum albumin and sodium taurocholate (0.6 g/100 ml), respectively. The assay mixture for arylsulfatase consisted of 0.05 ml of enzyme, 0.05 ml of 0.1 M sodium-acetate buffer and 0.05 ml of 8 mM 4MU substrate, and the assay mixture for a-D-neuraminidase, 0.04 ml of enzyme, 0.04 ml of 0.5 M sodium-acetate buffer and 0.04 ml of 2 mM 4MU substrate. a-L-Iduronidase was assayed in a mixture containing 0.02 ml of 0.1 M sodium-formate buffer containing 12 mM D-saccharic acid-1, 4-lactone (Fujibayashi et al. 1984) and 0.02 ml of 2 mM 4MU substrate. Incubation was carried out at 37°C for 60 min, except a-L-neuramindase, which was assayed after 30 min at 37°C. The reaction was stopped by the addition of 3 ml of 0.25 M glycine buffer, pH 10.7, except for a-L-Iduronidase for which 1.5 ml of the buffer was used. The fluoresence intensity was read with a Hitachi spectrophotofluorometer (Model MPF-4), and measured with excitation at 365 nm and emission at 450 nm. After the optimal pH was determined, these values were used to determine Km values of each enzyme. Protein was assayed according to the method of Lowry et al. (1951) .
RESULTS
With the exception of cr-L-fucosidase, a-D-neuraminidase and a-D-glucosidase, all the enzymes assayed for the 4-6 passages and the 24-26 passages in CAFC (Table 1) had similar pH optima to those in CSF and CELF (data not shown). The pH optimum of 5.0 for a-L-fucosidase in CAFC for the earlier passages, however, was different from the pH optima of 4.5 and 6.0 obtained for CSF and CELF, respectively. Moreover, the optimal pHs of a-L-fucosidase were slightly changed with increasing the age of the cell cultures (data not shown). However, a-L-fucosidase activities in the three cell types showed a considerably high activity in the range of 4.5-6.5 (data not shown). The pH optimum of 4.5 for a-D-neuraminidase in CAFC for the earlier passages was considerably higher than the pH optima of 3.0 in CSF and 4.0 in CELF, and shifted to 3.0 with increasing the age of the cell cultures, though this change was not observed in CSF and CELF. The optimal pH for a-D-glucosidase in CAFC shifted from 4.5 to 5.5 with increasing the age of the cell cultures, though this change was not observed in CSF and CELF.
The Km values of all the enzymes derived from CAFC for the earlier passages were almost identical to those of the enzymes obtained from CSF and CELF, and these Km values were unchanged with increasing the age of the cell cultures. The eleven lysosomal specific enzyme activities of CAFC, CSF and CELF were assayed under the conditions listed in Table 2 . Table 3 demonstrated the specific activities of the eleven enzymes in the three cell types determined at the earlier and the later passages. At the 4-6 earlier passages, the mean activities of f3-D-glucuronidase, arylsulfatase, a-D-glucosidase and ,8-D-glucosidase in CAFC were similar to those in CELF but significantly lower (p <0.05) than those in CSF. The mean activities of a-D-galactosidase, a-D-mannosidase, /3-D-galactosidase and f3-hexosaminidase in CAFC were significantly lower (p <0.05) than those in CSF and CELF. The mean activities of a-L-Iduronidase and a-D-neuraminidase in CAFC were similar to those in CSF but significantly lower (p <0.05) than those in CELF. The mean activity of a-L-fucosidase in CAFC was slightly higher than those in CAFC and CELF.
As regards the 24-26 later passages, the mean activities of arylsulfatase and a-n-glucosidase in CAFC were similar to those in CELF but significantly lower (p <0.05) than those in CSF. The mean activities of a-L-iduronidase in CAFC and CSF were significantly higher (p <0.05) than that in CELF. The mean activities of a-L-fucosidase in CAFC and CSF were significantly higher (p <0.05) than that in CELF, and, in addition, the broad range of the activity in CAFC was still observed with increasing the age of the cell cultures. The lelevs of a-D-glucosidase and arylsulf atase in the three cell types was increased significantly (p <0.05) with the increasing the age of the cell cultures. An opposite tendency was found for f3-D-glucosidase and a-D-mannosidase (p < 0.05). The levels of a-D-galactosidase, /3-D-galactosidase, $-hexosaminidase, a-L-iduronidase and a-D-neuraminidase were almost unchanged, when the age of the cell cultures was increased. Under the same conditions, the level of /3-D-glucuronidase was decreased, increased, and unchanged in CSF, CELF and Comparison of activities for elven lysosomal enzymes in cultured amniotic fluid cells (CAFC), cultured skin fibroblasts (CSF) and cultured embryonic lung fibroblasts (CELF) CAFC, respectively. The level of a-L-fucosidase was increased in CSF and decreased in CELF with increasing the age of the cell cultures, though unchanged in CAFC.
DISCUSSION
The pH activity curves of a-n-neuraminidase in the three cell types were different from each other and changed with increasing the age of the cell cultures. These variations might be due to several problems indicated on the assay conditions (Suzuki and Fukuoka 1979 ; Thomas et al. 1979 ) and different ratios of epithelial-like cells to fibroblast-like cells which occur with time in culture of CAFC (Melancon et al. 1971; Gerbie et al. 1972 ; Sutherland et al. 1974a ). The pH activity curves of a-L-fucosidase in the three cell types were slightly different from each other and these were changed with increasing the age of the cell cultures as well, though the three cell types showed generally high activities in the pH range of 4.5-6.5 similar to leukocytes, lymphocytes and lymphoblastoid cells (Watanabe and Minami 1981) . These differences may reflect polymorphism of human a-n-fucosidase (Turner et al. 1975) .
On the comparison of the specific activities among the three cell types for the 4-6 earlier passages, lysosomal enzymes assayed were divided into four groups (Table 4 ). The specific activities of the enzymes which belong to group A were similar between CAFC and CELF, and were higher in CSF than in CAFC and CELF. These enzymes were thought to increase with development. Other papers (Kaback et al. 1971; Galjaad et al. 1973 Galjaad et al. , 1974 Niermeijer et al. 1975; Kleijer et al. 1976a, b) reported as well that the specific activities of arylsulfatase A and B, and cr-n-glucosidase in CSF were significantly higher than those in CAFC. The specific activities of the enzymes which belong to group B were similar between CSF and CELF, and were lower in CAFC than in CSF and CELF. However, our results were in disagreement with previous findings (Kaback et al. 1971; Galjaad et al. 1974; Kleijer et al. 1976a) , with regard to a-n-galactosidase, f3-hexosaminidase and f3-n-galactosidase. These discrepancies might be due to different assay conditions or different ratios of epithelial-like cells to fibroblast-like cells which occur with time in culture of CAFC (Melancon et al. 1971; Gerbie et al. 1972; Sutherland et al. 1974a ). The specific activities of the enzymes which belong to group C were similar between CSF and CAFC, and were higher in CELF than in CSF and CAFC. Reversely, Hall and Neufeld (1973) reported that the specific activity of a-L-iduronidase in CAFC is lower than that in CSF. With regard to a-n-neuraminidase, further investigations were thought to be required because of several problems as described above. The variations of a-L-fucosidase activity in CAFC were greater than those in CSF and CELF. These results might reflect the variations in the ratio of epithelial-like cells, in which a-L-fucosidase activity is higher, to fibroblast-like cells, in which that is lower (Gerbie et al. 1972 ).
There has been several reports on the changes of lysosomal enzymes in CAFC and CSF with increasing the age of the cell cultures (Milunsky et al. 1972; Hultberg et al. 1973 ; Butterworth et al. 1973b Butterworth et al. , 1974 Sutherland et al 1974a, b, c) . As shown in Table 5 , the variations were observed between the levels of those enzymes in the three cell types with increasing the age of the cell cultures, such as increases in some, decreases in others and no change in still others. Especially, the specific activities of a-n-mannosidase in CAFC and CSF, and that of a-L-fucosidase in CELF decreased markedly with increasing the age of the cell cultures.
In spite of constant conditions of the cell cultures and enzyme assay at the same time, there was more than a 4-fold difference between the highest value and the lowest in several enzymes derived from CAFC as well as CSF and CELF. Other papers (Milunsky et al. 1972; Butterworth et al. 1973b Butterworth et al. , 1974 Sutherland et al. 1974a, b, c) reported that the variations in the levels of lysosomal enzymes increase markedly with increasing the age of the cell cultures as well, and that lysosomal enzyme activity rises generally with increasing the age of the cell cultures (Hultberg et al. 1973) , though no correlation was observed between the levels of lysosomal enzymes and gestational age (Butterworth et al. 1973a) . The variations in CAFC may reflect the different ratios of epithelial-like cells to fibroblast-like cells (Melancon et al. 1971; Gerbie et al. 1972; Sutherland et al. 1974a ), but the variations in CSF and CELF are not easily explained because the variations were observed to occur in cultured cells obtained from the identical skin biopsy (Milunsky et al. 1972) . However, the variations might be resposible for the different variability in life-span of those cells because Haylick (1965) had reported that human diploid cells have a limited life-span of 50±10 passages.
Finally, it should be obvious from the results observed in this study that control CAFC should be derived from cultures for the same serial of time as those The variations of the specific activities of eleven lysosomal enzymes in cultured amniotic fluid cells, cultured skin fibroblasts and cultured embryonic lung fibroblasts with increasing age of the cell cultures 
